Abstract: Today with billions of tonnes of carbon emissions into the atmosphere, global temperature rise and great obstacles to further development of conventional energy sources, it is a must that due attention be given to a range of environmental-friendly energy technologies, too relevant in the Adriatic coastal regions. Implementation of energy efficiency and maximum use of renewable, are more appropriate options to resolve problem relevant to both the basic sectors (buildings, transports, energy production and urban systems) and improve/ strengthen sustainable development capabilities. It is in this context that a brief description of some environmental-friendly energy technologies that can easily be replicated in the Adriatic coastal regions, will be presented. In addition, real-time strategies, working simultaneously, able to reduce traffic congestion, vehicle emissions, benefitting both users and nonusers of the transport network in social, environmental and economic terms, will be another salient feature of present communication.
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Introduction
It is worth to note that many local authorities worldwide have already begun to move towards long-term sustainable development for society. Many small-to-large projects dealing with some important topics such as energy efficiency, reduced energy consumption, promotion of the development and implementation of systems utilising renewable sources of energy (solar, wind, biomass, hydropower, etc.) and organic agriculture and farming, etc., most appropriate for the socio-economic development, eradication of poverty, human civilisation and its progress, health, shelter and other basic needs of the society, etc., have either already been completed successfully or are in the implementation phase, in different countries of both developed and under developed world.
It is in the above reference that an attempt has been made to describe how technologies, solutions and good practices can be integrated and put at work in small communities in order to achieve a higher degree of energetic and environmental sustainability.
Based upon the data available from numerous best practices realised at the international level, it has been observed that some of them of high scientific interest and having significant impacts on the sustainable socio-economic development of the areas can be replicated in small-to-medium sized cities.
For example, many good practices realised in different regions of Italy, such as demonstration plant for the production of electricity and biomethane to be used for the services in the protected area of the Lucanian Dolomites of Basilicata, production of both electric power and thermal heat to be used for national power grid and structures of the farm/district heating network of Padua province, installation of solar collector-storage heating system for heating a school building at civiglio (CO)-Italy, etc., are worth consideration.
Moreover, domestic water heating (India, China, many European countries), thermal rehabilitation -retrofitting of old buildings to improve energy performance and provide better environmental conditions (Germany), of photovoltaic systems, are worth consideration.
A comprehensive community planning and thorough analysis of international best practices, aimed at encouraging the diversification of energy sources, the rational use of fossil fuels and the strengthening of the links between energy, environment and sustainable development, should obviously be articulated around sustained effort towards optimal energy utilisation, development of renewable energy, development of high-quality environmental-friendly waste economy, improvement of transport performance and reduction in air pollution. Implementation of energy efficiency and maximum use of renewable resources (often marked as sustainable energy sources) are more appropriate options not only to resolve problem relevant to the basic sectors (buildings, transports, energy production and urban systems) but also help improve and strengthen sustainable development capabilities, as well. Many local authorities worldwide have already moved towards long-term sustainable development for society.
It is in the above context that the present document deals with an important topic on how technologies, solutions and good practices can be integrated and put at work to achieve higher degree of energetic and environmental sustainability through energy efficiency, reduced energy consumption, promotion of the development and implementation of systems utilising renewable sources of energy (solar, wind, biomass, hydropower, etc.) and organic agriculture and farming, etc., especially, in small communities.
In addition, in view of the strong link between congestion and pollutant emissions in the transport network, real-time strategies, working simultaneously and able to reduce traffic congestion, vehicle emissions, benefitting both users and non-users of the transport network in social, environmental and economic terms, will be another salient feature of present communication.
Some good practices realised in Italy
The urge to produce exclusively green energy in Italy came from the need to reduce the country's historical heavy dependence on fossil fuels and supply flows of hydrocarbons coming from Eastern Europe, the Middle East and North Africa.
Most important is to comply with the binding international agreements of the Kyoto Protocol. The Italian National Renewable Energy Action Plan has a target to reach the total share of renewable energies (26%), electricity sector (39%), heating/cooling sector (17.09%) and transport sector (14%) by the year 2020. During the 20th century, Italy was at the forefront of both technological development and production of energy from renewable sources. Figure 1 shows the energy production in Italy.
The use of renewable resources is a need both for industrialised countries and for developing countries, marking the interdependence between the North and the South of the World. Industrialised countries need a sustainable use of resources, reduction of air pollution and differentiation of energy trade. For the developing countries, renewable energies represent an opportunity for sustainable development. In fact, the increase of energy produced from renewable resources becomes essential for the realisation of the Millennium Development Goals, to break the poverty cycle and to enforce the populations' welfare. The main aim of realising good practices is to enhance the mutual exchange of knowledge and projects of success, which contributed to the improvement of life's quality in the developing countries (DC), with particular reference to renewable energy.
To gather detailed information of some good practices in renewable energy that have already been realised along with complete mapping and their wide spread diffusion on the national territory, as shown in Figures 2 and 3 , a network of virtuous towns, in Italy, has been created.
A brief description of some good practices, such as production and consumption of pure vegetable oil as biofuel at Caorle (Veneto), production of electricity and biomethane to be used to meet power supply and other services in the protected area of the Lucanian Dolomites (Basilicata), installation of solar collector-storage heating system for heating a school building at Civiglio (CO), biodiesel production from energy crops, organised waste management, etc., realised in Italy, will be presented in the document. 2.1 Creation of a biofuel farm chain for production and internal use of pure vegetable oil for tractor engines (Agostinetto et al., 2013) The main aim of this experimental activity in 'Dossetto-Vallevecchia' Farm with 400 acres of agricultural land and a tractor fleet of 13 machines is to create a short and closed chain for the production and consumption of pure vegetable oil as biofuel for tractors ( Figure 4) . A complete system for the production and filtration of pure vegetable oil has been installed. The machine characterised by a complete automation processes and mechanism of electronic starter and management for constant monitoring of the process has high efficiency and relatively simple management. The oil is extracted with cold mechanical pressing, without using chemical solvents. The working capacity is about 120 kg of seed/hour; the oil yield is about 37-40%. The machine produces about 40 kg of pure vegetable oil/hour (1/3 of the initial weight of the seed) and about 80 kg of a co-product (2/3 of the initial weight of the seed). The machine uses rapeseed produced by the farm agricultural land (yield seed of 3 tons/hectare). The pure vegetable oil is used to fuel two business tractors (Fendt 820 Vario Greentec and Lamborghini Victory Plus 230). Replacement of a fossil fuel with a biofuel produced from renewable energy sources, reduction in farm spending to purchase fossil fuel, respect for the environment, production of a co-product rich in protein and use of a local energy source are many advantages resulting from this chain. 
Results
The creation of the farm chain offers new economic opportunities related to renewable energy production. Compared to other fuels (diesel, biodiesel), pure vegetable oil can be produced directly from a single farm or medium-big size or from a certain number of associated farms. The production process of PVO is simple and does not necessarily entail an industrial organisation; the product can thus become a local energy source. Using vegetable oil as fuel is environmental-friendly. Being a biodegradable fuel made from renewable resources, it reduces and improves air emissions. The sale of the expeller cake for feeding livestock is an important economic source that supplements the farm income.
Replicability
The activation of this bio-energy chain can be an interesting and virtuous use of pure vegetable oil (non-food chain, feeding the engines of tractors) and the protein expeller co-produced (food industry, feeding livestock). This pattern of bioenergy chain can be easily replicated in all provinces of study in medium-large farms or in cooperatives of many farms associated together. (Braccio, 2015) A demonstration plant for the production of electricity and biomethane to be used for the services in the protected area of the Lucanian Dolomites of Basilicata is nearing completion ( Figure 5 ). The project, entirely funded by the Region, at a cost of approx. 500,000 euros, has already been completed. And shortly, work on the methanation plant, designed and built by ENEA, will also be finished. Effective and efficient utilisation of the wood waste recovered from the cultivation of the forest in order to produce electricity by means of using environmental-friendly and innovative technologies is the main objective of the project. Also, in the project, a spin-off ENEA, the SERI, a company that offers design, development and marketing of custom systems 'turnkey' for the energetic conversion of biomass and waste for micro-generation and distributed generation is involved. "This project could simply be considered an example of best practice for the start of a chain of activities on bioenergy in Basilicata. The incentive policy introduced by the Decree of Law issued on 6 July, 2012, certainly makes the production of electricity and heat from the gasification, convenient and able to be integrated into system of energy production at the national level, especially for small plants.
Pilot plant for production of electricity and biomethane from biomass
Similarly, there is a considerable interest for the production of biomethane, a purpose of great prospect, no doubt, a little more complex, especially if the raw materials are wood biomass."
It is worth to note that over the last couple of years, plants producing both heat and electricity from combustion or gasification of woody biomass are spreading in different regions. In general, these plants are always of small-to-medium sized able to use varieties of biomass available locally (e.g., pruning of vineyards and olive groves, material from the maintenance of forests and/or cleaning of river beds), as feedstock.
"To guide the growth process as well as to avoid distortions that may adversely affect a sector that is so vital and have great potential for land conservation and the decarbonisation of the economy, it is of utmost necessity that a wellplanned, mutually agreed/shared and clear strategy, consistent with the guidelines of the Plan sector for Bioenergy, be formulated."
The plan worked out by a special working group set up by the Italian Ministry of Agriculture and duly approved by the state-regions define an overall strategy based on the individualisation/identification of priorities for action and operational instruments for the promotion and dissemination of bioenergy. "This is a first important step to attain balanced development of the sector". Considering the fact that, finally, the opportunities for agriculture and for the country and not just as disastrous occupation of agricultural land compulsorily for the production of foods, gaining wide spread interest at the national level, the topic in question is of significant importance. (ARTI et al., 2013a) To develop sustainable and integrated biodiesel production from energy crops using innovative technologies (biological energy crops, biotechnological methods of producing biodiesel) while exploiting co-products produced and supporting environmental protection in the regions of Western Greece, Epirus and Apulia, Italy, is the main objective of this important initiative.
Energy crops and biodiesel production
The project implemented by the 'Ioannina Community' (Municipality related to the development of a full-scale biofuel pilot plant), the project is implemented in coordinated actions related to the development of innovative technologies and their adaptation to the particularities of the regions involved, aiming in the development of a full-scale biofuel pilot plant, producing a comprehensive financial study in order to illustrate the viability of the proposed business, promoting the education on biofuels production and in the dissemination/display of results and awareness raising of the general public about the multiple benefits of the new technologies.
These actions will provide the opportunity for involved regional higher education institutions and research centres to acquire the necessary expertise and infrastructure needed to build cutting-edge technologies, which are a key prerequisite for ensuring the future competitiveness of regional businesses and the wider economic and social improvement of the area.
Results
The development of the required expertise and infrastructure by the regional universities and research centres (to acquire knowhow for further development of advanced technology, prerequisite for ensuring the future competitiveness of regional businesses and the wider economic and social reconstruction of the regions), reduction of energy dependence on imported oil, both on regional and national levels, strengthening of the agricultural sector and protection of the environment are the expected project results.
Replicability
Considering the climatic and soil conditions in the Adriatic and the Mediterranean to be comparable, the possibility for multiplication of the project in other areas is quite high. Studies carried out can provide guidance for cultivation of energy crops. Also, to develop integrated biodiesel production approaches, small modifications could be used both by individuals and governments to develop business and strategic plan.
Renewable energy production and CO 2 savings through mix of energy plant
in Marche (ARTI et al., 2013b) In the framework of General Plan for Development 2012-2014, Maiolati Spontini Municipality putting strong emphasis on the importance to protect and valorise the environment, especially in the field of territory conservation and energy savings, implemented an energy mix, by setting up 135 kW of photovoltaic panels; 400 kW of mini-hydro and a biogas plant from a garbage dump (Figure 6 ). The last one, comprising two plants of 4130 kW and producing nearly 17 million kWh/year (corresponding to the annual energy need of 4000 families), is really very interesting. In brief, incentive for removal of existing buildings and structures in asbestos, programs for conservation and protection of environment, gradual substitution of traditional public lighting system with high efficiency bulbs, use of alternative energy confirming the contribution for installation of solar or photovoltaic plants and support to projects about renewables sources (wind energy, hydropower, photovoltaic, etc.), incentivise the bio-construction and green buildings and retrofitting of existing building, promotion of initiatives aimed to incentivise the use of eco-friendly products and promotion of initiative aimed to reduce water and electricity consumptions are the important action foreseen in the plan. 
Results
The most important results so far achieved are the reduction of fossil fuel dependency and improvement in quality of the environment (thanks to the capture of around 40,000 cubic metres per day of the dump gas, characterised by noxious substances such as: methane (55%), CO 2 (35%) and nitrogen (6%)). It is foreseen that over a period of 10 years, 200 million kWh of electricity will be produced, and 8 million cubic metre of methane will be saved, thus reaching CO 2 reduction by 168 million of cubic metre per year.
Replicability
The initiatives presented are quite small and tailored on small municipalities, so they can be easily implemented with relatively low costs. The biogas plant was realised by a private firm and is now managed by a company owned by the municipality, Sogenus. Moreover, the municipality is engaged in the realisation of awareness and information campaign for citizens. These tasks can be replicated in other municipalities and are economically, environmentally and socially sustainable. Lecce (ARTI et al., 2013c) To promote integrate initiatives in the theme of sustainability is the main target of this proposal realised at Minervino di Lecce, Puglia. Obligatory installation of a thermal or photovoltaic solar panels in all the new construction (Figure 7) , preferential building tax rates on the first house using renewable sources, installation of photovoltaic systems with installed capacity of 30 kWp on the roof of City Hall, Medium School and the Municipal Cemetery, optimisation of power consumption of the football stadium, experimenting with LED lighting in the Hamlet of Mirror Gallon, promoting the Solar 'GPO' (Group Purchasing Organisation) for both thermal and photovoltaic, low cost solar facilities to resident and use of Electric Bicycles for neutralisation of CO 2 emissions are the some of the several initiatives taken by The Municipality of Minervino in Lecce, in favour of sustainability in environmental and energy.
Integrate initiatives in the theme of sustainability c/o Minervino di
Results
City of Minervino in Lecce had been awarded the prize 'A Kyoto Forest', with the High Patronage of the Presidency of the Republic. Also, the Municipality has won the fourth prize from the report 'Renewable Apulia Municipalities' of Legambiente (the main Italian Environmental Organisation) for its 'Policies for the diffusion of solar thermal and photovoltaic'. Moreover, very recently, Nino Alfano prize, awarded for the best project for energy efficiency in public school buildings, was won by the Municipality of Minervino di Lecce, for its refurbishment and enlargement of the nursery school in via Montessori in the town which effectively created a real zero emission school. 
Replicability
All projects of Minervino di Lecce can easily be transferred to other small sustainable communities.
Promote energy production from RES through collective ownership
of photovoltaic plants (Barbieri, 2013) .
This good practice was born recently by voluntary initiative of energy towns people association called Energy Community. The scope/aim of this association is to promote the installation of renewable resources plants. This association in agreement with San Lazzaro di Savena municipality created an announcement in order to promote the taking part of citizens in a collective investment aimed at realising a renewable energy production plant. The partners are the local authority, the townspeople Association (Energy Community) and citizens. All citizens could participate to initiative, from San Lazzaro di Savena or from other municipalities. The citizens that decided to participate to the investment took part in association and they financed the investment paying limited/restricted shares of the investments (from minimum shares, equal to 250 euro). The local authority made the roof of a public building (in specific, a school) available for the installation of the photovoltaic plant. The association was responsible for design and installation of the photovoltaic plant (Figure 8 ). After plant installing, the local authority took the ownership of the plant.
The association of citizens will receive during the entire referring period (20 years) the economic return of the investment connected with the regulated economic incentives and benefits based on electricity production and selling established and existing in Italy. The association shares the economic return among the citizens that participated in the investment, proportionally to each owned share. The electricity produced with the solar energy supplies the school uses. The information about the initiative was available at the local energy helpdesk and at the association in order to promote participation of citizens. 
Results
Reduction of final energy consumption by 20% compared to 2005, development of energy production from renewable energy sources and efforts to promote energy saving technologies has allowed citizens to become renewable energy producers. Also, permission to sell energy enables them to obtain all benefits proposed by existing national economic incentives. Moreover, reduction of overall energy bill of the school and production of environmental-friendly energy from renewable resources are additional benefits. The power of the photovoltaic plant is about 20 kWp.
Replicability
This best practice can easily be replicated in other small and big towns. Important is the role of the local authority or some other promoting structure (i.e., and energy helpdesk) to inform and involve the citizens. The knowledge of citizens about their opportunities must be clear. It is important that dedicated structures or actors provide detailed information about the initiative, the implementation scheme and expected financial revenues. A secondary purpose of the initiative is to promote interventions by citizens about energy efficiency and RES energy production on their own. (Lattanzio, 2007) Renewable energy production with reduced CO 2 emissions, direct economic benefits (reduction of taxes paid by citizens) and Indirect economic benefits are the main aims of the wind farm built in the town of Tocco da Casauria (Pescara) in Italy. Also, the project aimed at a correct environmental integration and the creation of a real natural park in the area below the wind turbines. Town of Tocco da Casauria (Pescara) was the first town to build a wind farm on its territory, using two wind turbines Riva Calzoni of 200 kW each.
Production of wind energy in a wind farm in Abruzzo
As a result of the considerable advances made by technology in the last 15 years, the wind farm in Tocco has been completely renovated by installing two wind turbines of Enercon E48 model, which are advanced machines in the global wind technology (opening 24 April, 2007) . Particular attention was paid to the natural environment consisting of a beautiful olive grove and design of the wind farm in which the wind turbine, two new Enercon E48 wind turbines (each 800 kW), were put into operation. As shown in Figure 9 , the wind farm is composed of four wind turbines with a total capacity of 3.2 MW. The estimated annual production is 7200 MWh. The Enercon E-53 wind turbine generators are the ultimate technology: with turbines designed to maximise the wind, a generator with no gearbox (the most delicate and noisy part of the wind generator) and a system of remote control. The estimated annual production of the park is to serve approximately 2000 households.
Results
Royalties arising from the plant have allowed the city to purchase and restore the ancient castle of the village, to restructure the school and to triple the budget for street cleaning. The savings for the citizens is real, even if indirectly. The municipality is now able to offer high quality services and facilities to carry out public works and offering loans because it can prove its solvency by winning the 'Best Practice Award of Legambiente for 100% renewable Small Town' in 2010.
Replicability
Wind farm in Tocco da Casauria represents an exemplary model for producing energy from renewable sources, reducing consumption of fossil fuels and CO 2 emissions, creating economic income, etc.
Installation of a wood chips boiler heating the local district school at Vicenza (ARTI et al., 2013d)
Based upon the feasibility study commissioned by the City Council and local Mountain Community of Valli del Pasubio and realising that the local biomass can easily fuel the wood boiler installed in the local school, as shown in Figure 10 , a wood chips boiler destined to fuel the local school building was approved and funded by the City Council and local Mountain Community. The boiler is fuelled with wood chips produced mostly from the maintenance of local woods of the valley. The heating plant is located at the middle school in a site derived from the existing boiler. The storage of wood chips is in a completely buried silo. The boiler used for the production of hot water at 95 °C is a moving grate model provided by UNICONFORT. The chips are subjected to a double combustion (gasification and further oxidation of gas). The warm gases, with a temperature of about 900°C, are conveyed to the heat exchanger, where heat is transferred to water. The hot water (80-90°C) produced, by means of appropriate pumps, enters into the heat distribution system and provides heat and domestic hot water for the two school buildings. Combustion fumes, before entering into the flue; passes through a dedicated multi-cyclone system that guarantees emission levels less than legal limits. The annual wood chips consumption is about 200 tons, whereas total heated volume is approximately 23,000 square feet.
Results
The school boiler fuelled with wood chips encourages the care and maintenance activity of local territory. Biomass supply at the local level encourages local employment and chain added value stays in the local companies of the valley. Decrease in the use of fossil fuels allows an improvement in net emissions of carbon dioxide and greenhouse gases into the atmosphere. The City Council and the local Mountain Community have significant economic savings by using wood chips instead of fossil fuel.
Replicability
This chain pattern is easily replicable in other local communities and small towns. The area in which the chain is created must have the presence of significant amounts of woody biomass used to fuel the boiler.
Solar collector-storage heating system for heating a school building at
Civiglio in Como (Sharma, 1991) Keeping in mind the basic purpose of this solar collector-storage system, attempts were made to make use of readily available indigenous materials. Solar collector-storage system is connected with a storage system of 5.85 × 2.80 × 0.84 m 3 in volume. Solar air collector of 50 m 2 gross area (20 m long and 2.5 m high) conveys warm air to the inside of the building with a mean designed solar efficiency of around 55-60%. The storage system comprises two compartments A and B, having an effective storage volume of 4.8 × 2.2 × 0.84 m 3 . It is true that, on the basis of the design criteria, the storage unit for the solar collector in question, having an area of 50 m 2 , must be having a larger volume, but mainly because of space limitation made available for the storage, the desired storage volume could not be made possible.
With different arrangements of bricks in compartments A and B, it is possible to study the performance of two identical, but having different air flow channels, prototype storage units under the same set of operating conditions. The basic purpose was to identify, experimentally, the best storage configuration. The system has been fabricated using bricks. The whole system is enclosed in a cubic configuration of dimensions 5.85 × 2.80 × 0.84 m 3 . To prevent heat loss, a polyurethane layer of thickness 30 cm is put around the perimeter and also at the back. The air makes its way into the storage unit from the top surface while charging, and the direction is reversed while operating the system in the discharging phase.
Results
From the energy balances for the solar air heater, it was observed that, for clear days, the solar air heater system with instantaneous efficiency as high as 55%, was nearly 45% efficient. The energy stored during the daytime was used for heating the building by discharging the storage system during mid-night hours. Storage system has the capability of storing and retaining a significant percentage of energy stored overnight.
From the experiments performed on the system under investigation, it was observed that the performance of the system is quite reasonable and, with slight modifications, could be improved further. For instance, there is a need to improve upon the operational mode logic for better performance. Another obvious modification will be to utilise the energy stored during early morning hours, i.e., nearly 2 h before the school is in session, by passing the air directly through the storage. The air should not be passed through the collector since this leads to further cooling, especially on cold, overcast days.
Replicability
Economically, environmentally and socially sustainable task can be replicated in other municipalities.
3 Real-time strategies able to reduce traffic congestion, vehicle emissions, benefitting both users and non-users of the transport network
In the contemporary 'automobile city' (Gori et al., 2012a) , the increase of congestion has implied an increase of travel times and land consumption, and also an excessive production of noise and air pollution. Under such conditions, emissions from vehicles on the road have become a key aspect to improve the life quality and sustainability. Detailed profiles on traffic flow-speed and emissions of vehicles have recently been shown in the literature (Lumbreras et al., 2007; Rouphail et al., 2001; Shukla and Alam, 2010; Viti et al., 2008) . The rising in congestion leads to increased pollutant emissions; moreover, emissions are responsive to different driver behaviours. In the above context it is worth to note that pollutant emissions from vehicles can be controlled by reduction of congestion through traffic planning measures and online operations (Barth et al., 1999) . Over the last couple of years three different approaches, namely, macroscopic (Bai et al., 2007 (Bai et al., , 2008 EEA Technical Report, 2010) , microscopic (Song et al., 2012) and mesoscopic (Yue et al., 2009) , have been defined to estimate emissions.
In the first approach, commonly used in applications of large-scale analyses, mainly because of the fact that no information is taken into account about acceleration and deceleration times and specific power of vehicles, accuracy level is low, Though traffic microsimulation models are widely adopted in the microscopic approach but due to internal mechanism of sub-models of microsimulation, they are not applicable for all the contexts (Song et al., 2012) . Recent studies have proposed or adopted different mesoscopic approaches to estimate emissions. Mesoscopic approach can combine different aspects of macro-and micro-approaches (Gori et al., 2012b (Gori et al., , 2013 .
Main aim of the work reported in the present communication was to develop a method able to overtake limits of the previous approaches and thus could provide reliable values of pollutant emissions and its use to evaluate results of both online and offline traffic management strategies in a wide congested urban networks (Gori et al., 2013) . intelligent transportation systems (ITS) are the systems commonly adopted to implement these strategies: actuated signalised systems, intelligent traffic lights, ramp metering, variable message signs are only some examples of ITS for re-routing or for regulating flows. It is worth to mention that if the model is able to reproduce traffic congestion and emissions, accurately, it can also be adopted to evaluate different strategies. Needless to say that ITS have a fundamental role, with the perspective of having an 'optimum system' both in terms of route choices and pollution.
Methodology application
The daily variations of traffic flow conditions and parameters relative to the different state of vehicles (congested and uncongested conditions, specifically, the queue length, the average speed of queued vehicles, the length of the link travelled at free-flow speed and so on) are taken into account by the methodology (Gori et al., 2014) , which is based on two main modules:
• dynamic traffic assignment model (DTA)
• post-processor, in order to compute the emissions.
The methodology has been applied assuming the following settings:
• dynamic traffic simulation from 5:00 am to 11:00 pm (18 h simulation)
• two (2) sets of output of the DTA (average link values for each time interval or values for congested and uncongested part of the link for each time interval)
• computation of emissions for CO, NOx and PM10
• two (2) different trends for the emission function
• different types of traffic management strategies.
Network of Brindisi, located in Puglia Region of Italy (with about 90,000 inhabitants, 43 centroids, 306 regular nodes (with 14 signalised intersections), 884 links) was chosen for application of the methodology (Gori et al., 2012b) . Total peak hour traffic demand is equal to 16,000 vehicles distributed over 18 h. Finally, different traffic management strategies were adopted and realised for the Brindisi network and results obtained for both congestion and emissions were compared with no project scenarios:
• signal control optimisation and definition of one way roads: single and simultaneously (Montella, 1996) .
Once the DTA is finished, values of average density, average speed and queue length for each link and each time interval, as well as link attributes like length and free speed are exported to the post-processor module in order to compute:
• average flow
• length travelled at free-flow conditions
• average speed of vehicles in the queue.
Then, explicitly taking into account congested and uncongested conditions of each link, 18-h emissions profile of the network are computed. Adopting only the signal synchronisation, results show reduction of all emissions for all the four scenarios. However, the percentage of these improvements is lower than adopting both strategies: specifically, the reduction of CO emissions ranges from 2% to 15% during the peak interval and it is about 5% in the other hours. Improvement in NOx and PM10 emissions ranges from 2% to 8%.
Results show the capacity of the model to estimate pollutant emissions in a congested urban network passing the limits of the current approaches (macro, micro and meso). Taking into account the difference between free-flow and congested conditions, emission evaluation are finely estimated, especially for certain pollutants (CO).
The developed dynamic mesoscopic approach showing the impact of different measures on reducing emissions with high reliability and low computational effort demonstrated to be a valid solution to test these different strategies.
The proposed emission dynamic meso-simulation model can be considered as valuable decision support system. The possibility to apply the method in case of online measures, as well, will be demonstrated in future developments.
Conclusions
The present document very clearly demonstrate how, many small projects are most appropriate options to achieve socio-economic development, higher degree of energetic and environmental sustainability, eradication of poverty, meet other basic needs of the society, etc.
Based upon the results reported for best practices realised, in Italy, needless to say that some of the good practices having significant impacts on the socio-economic sustainable development on both developed and under-developed countries can certainly be replicated in small-to-medium sized cities of many other countries, as well. For example, domestic water heating, thermal rehabilitation-retrofitting of old buildings to improve energy performance and provide better environmental conditions, heating of school and college buildings through solar passive and active heating, sustainable waste management using woodchip-burning boiler and biogas plants, installation of photovoltaic systems are worth consideration.
It is important to point out that a comprehensive through analysis of best practices reported in the present document will not only help to formulate development strategy but can also certainly help exploring this important possibility in many other countries like Cyprus, Greece, Malta, Portugal, Spain and Turkey.
A comprehensive community planning aimed at encouraging the diversification of energy sources, the rational use of fossil fuels and the strengthening of the links between energy, environment and sustainable development should obviously be articulated around sustained effort towards optimal energy utilisation. To achieve this important target, it is a must that significant efforts be made for the development of renewable energy, improvement of transport performance, reduction in air pollution and high environmental quality waste economy.
The developed dynamic mesoscopic approach, showing the impact of different measures on reducing emissions with high reliability and low computational effort, demonstrated to be a valid solution to test these different strategies.
